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OAHOYaCTOTHbIE
KOo/ibLieBble
noaynpoBoAHUKOBbDIE
nasepbl C BOJIOKOHHbIM
pe3soHaTopoMm

M UX NpUMeHeHue

B.II. [lypaes, C. B. Medsedes, C. A. BopoHueHKo
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MpeacTaBsieHbl pesynbTaTbl UCC/IEA0BAHUM
nepecTrpanBaembiX OAHOHYACTOTHbIX KO/IbLLEBbIX
no/aynpoBOAHMKOBbIX /1a3epoB Ha A/IuHe BOJIHbI 1550
11650 HM C BO/IOKOHHbIM pe30HaTOpPOM. MU3/105KeHbl
MPUHLMIbI KOHCTPYUPOBAHUSA KOJ1bLLEBbIX
nonynpoBOAHMKOBbIX J1a3epoB C BO/IOKOHHbIM
pe3oHaTopoM C COXpaHeHueM nonsipusauum

1 6e3 coxpaHeHus nonsipusaunmn. O6ocHoBaH
OJHOYACTOTHbIV peXXUM paboTbl U NepPeCTPONKU
AJINHbI BOJTHbI MONYNPOBOAHUKOBOIO KOJIbLLEBOr0
nasepa. O6cy>aaloTCs OCHOBHbIE XapaKTepUCTUKU
nonyrnpoBOAHMKOBbIX KOJIbLEBbIX J1a3epoB

M 061aCTU X NPUMEHEHUS.

Knto4yeBble c/ioBa: NoaynpoBOAHUKOBLINV
KONbLIEBOW Na3ep, COrnacoBaHne nasepHoro
awnoaa Co CBeTOBOAOM, ONTUYeCcKkue IMHNN CBS3U,
AnofaHasa nasepHas cnekTpockonus (DLS)
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BBEAEHUE
OCHOBOI II0JIyIIPOBOAHKKOBOIO KOJIBLIEBOTO Jla3epa
(IIKJD) [1] stBAsieTCS IIOMYIIPOBOLHKKOBBIM OITHYECKHE
ycunutensb (IIOY) Gerymier BolHbL. B ero KOHCTPYKLHH
B KauecTBe Pe30HATOpa HCIIONB3yeTCsl 3aMKHYTOe KOJb-
LIOM OIITHYeCKOe BOJIOKHO C COXpPaHeHHeM I10/ISIPHU3aLMU
unu 6e3 coxpaHeHUs MONSIPU3ALMU. AKTUBHBIM 3/1eMeH-
ToMm I1OY, a coorBeTcTBeHHO U Y IIKJI, CITY>KUT CYIIepIIIO-
MUHECLIeHTHBIH usnydatesb (CJIT) [2].
ITonynpoBOAHUKOBBIE KOJIbLIEBble JIa3ephl IIpef-
CTaBJISIIOT OCOOBIM HMHTepeC TeM, 4YTO 00l1afaioT OTHO-
CUTe/IBHOH [IeIIeBHM3HOM M3TOTOBIEHHUS M MOLYT OBITH
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Single-Frequency Ring
Semiconductor Lasers
With a Fiber Cavity
and Their Application
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The results of studies of tunable single-
frequency ring semiconductor lasers at a
wavelength of 1550 and 1650 nm with a fiber
cavity are presented. The principles of designing
ring semiconductor lasers with a fiber cavity
with conservation of polarization and without
conservation of polarization are stated. The
single-frequency operation and tuning of the
wavelength of a semiconductor ring laser is
substantiated. The main characteristics of
semiconductor ring lasers and their applications
are discussed.
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INTRODUCTION
The basis of a semiconductor ring laser (SRL) [1] is a
semiconductor optical amplifier (SOA) of a traveling
wave. In its design, a ring-locked optical fiber with or
without polarization conservation is used as a cavity.
The superluminescent emitter (SLE) serves as an active
element of the SOA, and, accordingly, in SRL [2].

Semiconductor ring lasers are of particular interest in
that they are relatively inexpensive to manufacture and
can be used in many fields of science and technology. In
particular, in optical communication lines, in optical
information processing devices [3], in high-resolution
spectroscopy [4], in navigation systems, in gyroscopy,
as a master oscillator in radiofrequency and microwave
generators and in many other devices [5].

One of the important differences between SRLs with
a fiber cavity and other lasers is the ability to incorpo-
rate a wide range of optical devices and components
into the cavity. The design of the SRL allows the use of
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KCII0JIb30BaHbl BO MHOTHX OTPAaC/AX HayKHW W TeXHHUKHU.
B 4acTHOCTH B ONTHYeCKUX JMHHUSIX CBSI3U, B YCTPOM-
CTBax ONTHYeCKOM obpaboTku nHOpMaruu (3], B criek-
TPOCKOIIMM BBICOKOTO paspelieHus [4], B HaBUTAIIHMOH-
HBIX CHCTeMaX, B TMPOCKOIMM, B Ka4yecTBe 3a[JalOIero
redepaTtopa B B4 u CBY reHepaTopax ¥ BO MHOTHX [Py~
THX YCTPOMCTBAX [5].

OgHUM K3 BaKHBIX OoTIMUYUM [IKJI ¢ BOJIOKOHHBIM
Pe30HaTOPOM OT JPYIHUX J1a3€POB SBJISETCS BO3MOXKHOCTb
BCTPaMBaTh B PE30HATOP LIMPOKUI CIIEKTP ONTHYECKHUX
YCTPOMCTB M KOMIIOHeHTOB. KoHcTpykuus IIKJI mo3Bo-
JISleT UCII0/Ib30BaTh BOJIOKOHHBIM Pe30HATOP IIPOK3BOJIb-
HOM JJIMHBI OT HECKOJBbKUX CAaHTUMETPOB [0 JeCSITKOB
U JJake COTeH KUIOMeTpoB. MiMeHHO 61aromaps 3TUM
BO3MOKHOCTSAM co3gaHbl IIKJI co CBepxXmJIMHHBIMH
pe30oHaTOpaMH.

B pe3onatope IIKJI MOXKET OCYLIECTBIATHCA, B OT/IH-
Yle OT IMHEeMHBIX J1a3ePOB, KaK PeSKKM CTOSIIIEHN BOMHEI,
Tak U pexuM berymieit BonHbl. B IIK/I omHOBpeMeHHO
MOIYT CYyIeCTBOBATh [IBe BOJIHBI, PacIIPOCTPaHSIOIIH-
ecsl HaBCTpeuy [pYr Ipyry B pe3oHaTope. JTO CBOLCTBO
1103BOJIgeT MCIonb30BaTh IIKJI KaKk OCHOBY [Ojig CO3fa-
HUS J1a3epHOr0 TMPOCKOIIA C HCIIONb30BaHHEM 3ddeKTa
Caubsika [6].

B mocnenHue rompl B 06/IaCTH BOJIOKOHHOM TeXHHUKH
OBUIN JOCTUTHYTHI 3HAUHTe/IbHBIE YCIIEXH B IIOJIYIeHUH
OJHOMOIOBBIX OITHYECKHUX BOJIOKOH, B OCBOGHHHU TeX-
HOJIOTUM CBapKM, B CO3JaHHM OIITHYECKOTO BOJIOKHA
C COXpaHeHHeM IIO/IIPH3aLIMH, BOJIOKOHHO-OIITHUYEeCKUX
H30JIITOPOB, 3JIeMEeHTHOU 6a3bl
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a fiber cavity of arbitrary length from a few centimeters
to tens or even hundreds of kilometers. It is thanks to
these possibilities that SRLs with ultra-long cavitys are
created.

In contrast to linear lasers, SRL can be carried out in
the SRL cavity, both the standing wave mode and the
traveling wave mode. In SRL, two waves can simulta-
neously exist, propagating towards each other in the
cavity. This property allows us to use SRL as the basis for
creating a laser gyroscope using the Sagnac effect [6].

In recent years, in the field of fiber technology, sig-
nificant success has been achieved in the production
of single-mode optical fibers, in the development of
welding technology, the creation of optical fibers with
the preservation of polarization, fiber optic insulators,
element base (fiber couplers, polarizers, electro-optical
modulators, etc.). This made it possible to seriously
consider the creation of many optical devices based on a
semiconductor ring laser.

EXPERIMENTAL PART
Ceneral view and design elements of the SRL are pre-
sented in Fig. 1. To fabricate the active SRL element, we
used InGaAsP/InP based epitaxial structures (radiation
wavelength 1550, 1650 nm) with quantum-well layers
fabricated by the method of MOS-hydride epitaxy.

The active element of the SRL had a cavity length of
1200-1600 pm, and the width of the active strip was
3 pm. To reduce back reflections, the front and rear

(BOJIOKOHHBIX OTBETBUTeJNEH, IOJIS-
PH3aTOPOB,  3/IEKTPOOITHYECKHX
MOJY/ISTOPOB U T.II.). TO JIaJio BO3-
MOKHOCTb BCEPbe3 PaCCMaTPUBATh
cosjaHue Ha 6ase IIOTyIIPOBOIHH-
KOBOT'O KOJIBLIEBOI'O Jia3epa MHOTHX
OITHYeCKUX IIPUBOPOB.

SKCNEPUMEHTAJIbHASA
YACTb
O6uIME BU, U 37eMEeHTHl KOHCTPYK-
uuu IIKJI mmpefcTaBaeHbl Ha puc. 1.
IIJIsT M3rOTOBJIEHUS aKTHBHOIO 3Jie-
MeHTa IIKJI B paboTe HCII0IB30-
Ba/IM 3MUTAKCHAJIbHBIe CTPYKTYPEHI
Ha ocHoBe InGaAsP/InP (miuHa
BOJHBI H3/1ydeHus: 1550, 1650 HM)
C KBAaHTOBO-pa3sMepHBIMH  CJIO-
SIMH, H3rOTOBJIeHHbIE MeETOA0M
MOC—rHLLpH,uHOEI SIIUTAKCHUH.
ARTUBHBIN 371eMeHT I[IKJI umen
IUIMHY pe3oHatopa 1200-1600 MKM,

Puc. 1. Cxema IMK/1: 1- kopnyc butterfly; 2 = akmugHbili 3nemeHm; 3 = 3nemMeHm
[Menbmpbe; 4 — mepmopesucmop, 5 — onmuyeckue 80A10KHA; 6 — MUKPOAUH3bI;

7 = K0NbL,e8ol 80AOKOHHbIL pe3oHamop; 8 — 8bI600 omeemeaumensi; 9 — onmuye-
CKUe KoHHekmopebl; 10 — omeemaumens

Fig. 1. SRL scheme: 1 - butterfly housing; 2 - active element; 3 - Peltier element;
4 - thermistor; 5 - optical fibers; 6 — microlenses; 7 - ring fiber cavity; 8 - coupler
output; 9 - optical connectors; 10 - coupler

a OIMpHUHA AKTHBHOI'O I10J10-
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CKa 3 MKM. [I1 yMeHbIIEHHUSI OOPaTHBIX OTPaskKeHHUM
IepefHsIs K 33AHSSI TPAHU ObUIN CKOLIEHBI 107, YIJIOM 7°
K aKTHBHOMY BOJIHOBOAY, M Ha HHUX ObUIM HaHeCeHBI
IBYXCIIOMHBIE ITPOCBeT/ISIONmIKe TOKphITHs (ALO; 1 ZrO,).
[ToKpBITHS 00ecrieYyruBaOT KO3IQOUIMEHT OTPaskKeHMUS
MeHee 0,05% (pHc. 2). MoOIIHOCTD CYyIIePIIOMUHUCLIEHT-
HOT'0 M3/Iy4YeHHs COCTaB/Is/Ia 3-7 MBT IIPHU TOKaX HaKa4KHU
300 MA U CIIeKTpa/IbHYIO MHUPHUHY 30 HM U 6ortee.

OOHUMH H3 OCHOBHBIX TPYILHOCTQI;I co3gaHus IIKJI
SIBJISIOTCSL cOOpKa U IpobieMa BBOAA H3/Ty9IeHHUS B OJHO-
MOJIOBBIH CBeTOBOf,. CYIIEeCTBYIOT pasHble CIIocobBI Cora-
COBAHMS JIa3epHOI0 AUO/IA CO CBETOBOJOM. B HacTosIel
paboTe HCIIONB30BAICS CIIOCOD COITIACOBAHMS HCTOY-
HHKa H3JIy4eHHUsI C BOJIOKHOM C IIOMOIIIbI0O MHUKPO/ITHHS3HL,
chOpMHPOBaHHON Ha KOHIle cBeToBoAa [1, 7]. MmuKpo-
JIMH3bl MOIYT M3TOTaBAMBATh METOJAMH IIIaBJIeHUS
U UUTUQPOBKU.

MeTo II/1aB/IeHH S OCHOBAH Ha BHITATMBAHUY BOJIOKHA
IIOfL, IeHCTBHeM /IeKTPHUYecKor AYrH H IIoCIefylolleM
OIUIaB/ICHUH KOHIIA BOJIOKHA [/11 GOPMHPOBAHUS Pai-
yca TuH3bI. Tako¥ cr1ocob He II03BOJISIET CO3/IABATh IMH3bI
OYeHb MajIeHbKOIO pafHyca, II03TOMY MaKCHMaJbHOe
3HaveHHe Ko3QpPHUIIeHTa BBOJA U3TYYeHUS B CBETOBO/
coctaBnsieT 40%.

[Mpouenypa UUIMPOBKHU COCTOMT M3 CO3LAHKS HAIlpaB-
JSIIOLIMX HA KOHIIe BOJOKHA IUIMQPOBKOM Ha rpybom
roporke (6-9 MKM) M IIOJTHPOBKK Ha MeJIKOM IIOPOIIKe
(1-3 MKM) Ha BOPCHCTOK TKAaHHU JUIS CO3[AHHUS CKpyIe-
HUS Ha KOHILIE BOJIOKHA. M3roToB/IeHHe KOHTPOIHPYeTCs
C IIOMOIIIBIO CITPOEITMPOBAHHOrO Ha 3KPaH HU300pasKeHUs,
BBIXOJSILET0 M3 BOJIOKHA Yepe3 JIMH3Y JIa3ePHOro M3/y-
YeHHs KPacHOro IiBeTa. TaKkoM MeTo[ I103BOJSIET IIOIy-
YaTh LUIMHIPHUYECKHe JIMH3BL PaJHUyCOM OKOJIO 5 MKM
(IIpy yryie Meskay Hallpas/siomyuMu 90°). H3BecTHO, 4TO
reoMeTpHYeCcKU U3Jyvarommas 067acTh TOpIa KPUCTULIA
[IKJI mpencTaBisieT CobOM IIPSIMOYTONBHUK C pasme-

R<0,05%

Puc. 2. AKmugHblIll 3nemeHm co CKOWeHHbIMU NPOCéemAeH-
HbIMU 2paHsmu
Fig. 2. Active element with beveled enlightened edges
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faces were beveled at an angle of 7 ° to the active wave-
guide, and two-layer antireflection coatings (AL,O; and
Zr0O,) were applied to them. Coatings provide a reflec-
tion coefficient of less than 0.05% (Fig. 2). The power
of superluminescent radiation was 3-7 mW at a pump
current of 300 mA and a spectral width of 30 nm or
more.

One of the main difficulties in creating a SRL is the
assembly and the problem of introducing radiation into
a single-mode fiber. There are different ways to match a
laser diode to a fiber. In this work, we used a method of
matching a radiation source with a fiber using a micro-
lens formed at the end of a fiber [1, 7]. Microlenses can
be made by melting and grinding.

The melting method is based on drawing the fiber
under the action of an electric arc and then melting
the end of the fiber to form the radius of the lens. This
method does not allow you to create lenses with a very
small radius, so the maximum value of the radiation
input coefficient into the fiber is 40%.

The grinding procedure consists of creating guides at
the end of the fiber by grinding on coarse powder (6-9
pm) and polishing on fine powder (1-3 pm) on a fleecy
fabric to create a fillet at the end of the fiber. Produc-
tion is controlled by a projected on-screen image of a red
laser emitting from a fiber through a lens. This method
allows you to get a cylindrical lens with a radius of about
5 microns (with an angle between the guides of 90°). It
is known that the geometrically radiating region of the
end face of the SRL crystal is a rectangle with dimen-
sions of 3 x 0.1 pm. Therefore, the beam divergence
angle in one plane is much larger than in the other and
amounts to 40-45°. A polished cylindrical lens provides
a radiation input coefficient of up to 80%. A fiber with
a microlens was aligned on a three-coordinate table
and fixed with solder on a micro-furnace (current-
conducting board).

The SRL fiber leads are terminated by FC/APC opti-
cal connectors, which allow the module to dock with
other elements of the optical system. In this case, the
ends of the connector are ground at an angle of 7°,
which reduces the amount of reflection from the fiber-
air interface, thus suppressing undesirable feedback
optical.

The type of fiber used as a cavity is also determined
by the scope of the laser. For example, in gyroscopic
applications it is necessary to use fiber with conserva-
tion of polarization, which ensures the greatest stability
of the generation frequency of SRL in a resting state. In
the SRL, an optical fiber of the Panda type was used (Fig.
3). This fiber is able to maintain linear polarization of
radiation launched along one of its axes (fast or slow)
with an extinction of more than 40 dB. The conserva-
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pamu 3x0,1 MKM. T103TOMY yron pacXOOUMOCTH ITyuKa
B OTHOM IJIOCKOCTH 3HAYHTe/IBHO 60Ibllle, YeM B APYTOH
U cocTaBisgeT 40-45°. InuoBaHHAsA LMIMHIPHUYECKAs
nuH3a obecriedrBaeT Ko3QQUILIMEHT BBOJA H3TydeHHs
B BOJIOKHO 10 80%. BOJIOKHO C MHUKPO/INH30 I0CTHPOBa-
JIOCh Ha TPEeXKOOPOUHATHOM CTO/IMKE M 3aKperrisyioch
IIpUII0eM Ha MUKpOIleuKe (IIaTa, IIPOBOASINAS TOK).

BonmokonHble BbIBOABI [IKJI OKOHIIOBBIBAKOTCSI OIITH-
YeCKUMH KOHHeKTopaMH FC/APC, KOTOpble I103BOJISIOT
IIPOU3BOJMUTE CTBIKOBKY MOZYJ/ISL C OCTaJIBHBIMU 3/IeMeH-
TaMH OIITHUYECKOM CUCTEMBI. IIpU 5TOM TOPLIBI KOHHEK-
TOpa OTILIM(OBAHBI IIOA, YIJIOM 7°, UTO CHMYKAeT BEeJIH-
YHMHY OTPaskKeHHs OT IPaHHIIBI paszieia BOJIOKHO-BO3MYX,
[IOAB/ISISL TAKUM 00pa3oM HeKeNlaTelbHYI0 0bpaTHyIo
OIITHYECKYIO CBA3b.

THIT KCIIO/IB3yeMOr0 B KauecTBe pe30HaToOpa BOJIOKHA
TaKKe oIpenenseTcss 06IacThi0 IPUMEHeHUs ja3epa.
Hampumep, B THPOCKOIIMYECKOM IIPUMEHEHUH Heobxo-
OKMMO HCIIO/Ib30BaTh BOJIOKHO C COXpPaHEHHEeM IIOJISpU-
3alKM, YTO obecriedrBaeT HAUOONBIIYI0 CTAOHMIBHOCTD
4acToThl TeHepauuu IIKJI B IIOKOAIIEMCS COCTOSHHH.
B ITKJI KCII0/Ib30BAJIOCH OIITHYECKOe BOJIOKHO THITa Panda
(puc. 3). JlaHHOe BOJIOKHO CIIOCOGHO COXPaHAThH JTHHEH-
HYIO IIOJISIPU3ALIMI0 M3JyYeHHs, 3aIlyIIeHHOIO BIOJb
OmHOM m3 ero oced (BBICTPON WM MeNJIeHHOM) C 3KC-
TUHKLIHen 6omee 40 nb. CoxpaHeHHe MOISPHU3ALIMU
B TaKOM BOJIOKHe 00yC/IOBIEHO HAJIMYKMeM MexaHHde-
CKUX HaIIpSDKEHHUH, BBI3BAHHBIX CIIELIUATBHBIMU CTEPXK-
HSIMU (CM. PHC. 3, O3ULIMS 2). DTHU HAIIPSDKEHUS IIPU-
BOJAT K BO3HUKHOBEHMIO IBY/IyYerIpeJIOM/IEHUS BIOJb
CepALieBUHEI BOJIOKHA.

[/1aBHBIM YC/I0BHEM IIPaBU/IbHOL IOCTUPOBKU K OKOH-
LIOBKU SBJISIETCSI COBMellleHHe HallpaBIeHUs JIHMHEeNHOH
IOJISIPH3allMK U Me[JIeHHOM OCH BOJIOKHA THma Panda.
IIpu CTBIKOBKE aKTHBHOrO 3nemeHTa IIKJI ¢ BOJIOKHOM
HeobxoaMMO 06eCIIeUUTh TaKoe PACIIONIOKEHHE BOTIOKHA,
4TOOBI IUIOCKOCTh PN Iepexofa KpucTamia IIKJI coBme-
IMasach C MeJIEHHOM OChI0 BOJIOKHA. IIpH OKOHIIOBKE
KoHHekTopamu FC/APC Heob6X0fMMO COBMECTUTh KIIOU
KOHHEKTOpa C MeJJIeHHOM OChI0 BOJIOKHA. B pabore
HCTI0/Ib30BaJICS [IACCHBHBIK MeTOf OPHEeHTALIUH BOTIOKHA.
[TacCMBHBIM METOJ, OCHOBAH Ha FeOMEeTPHUUecKOl OpHeH-
TalliH1 0CH PM BOJIOKHA C BU3Ya/IbHOM HAeHTHQHUKALMEL
MO3ULIMH HAIIPATAIOIIMX 37IeMEHTOB B IIOIIePeYHOM pas-
pese BOJIOKHA.

BrIBOZ, M3/TyUeHMs IS PerUCTpaliiy Ha GOToIIpHeM-
HHKe OCYIIeCTBI/ISeTCS C IIOMOIIBI0 BOIOKOHHOIO HaIlpaB-
JleHHOro otBeTBUTeNs. Ko3pPUIlMieHT OTBeTBIeHUS
BBIOMPAEeTCs B 3aBUCHMOCTH OT KOHKPETHOIO IIPUMeHe-
HU4 J1asepa. [ IpHMeHeHHUs B THPOCKOIIe JOCTaTOYHO
BBIBOOUTh 1-5% u3nydeHus. IIpyU HCIIONb30BAaHUM KOJIb-
LIeBOTO Jjla3epa KaK MCTOYHHMKA H3Iy4eHUs [IPHMeH-
10TCst 6orbire KOIPOUIIMEHThI OTBETBIeHHs. OITHYe-

I MezmyieHHas 0Ch
|

0

BricTpas
oCch

Puc. 3. CeueHue 80/10KHA C COXpAHEHUEM NoASpU3auuu:
1- cepouesuHa; 2 — HanpsKeHHble cmepXKHU; 3 — 060104Ka
Fig. 3. Cross section of the fiber with the preservation of
polarization: 1- core; 2 - stressed rods; 3 - shell

tion of polarization in such a fiber is due to the presence
of mechanical stresses caused by special rods (see Fig. 3,
position 2). These stresses result in birefringence along
the fiber core.

The main condition for proper alignment and ter-
mination is the combination of the direction of linear
polarization and the slow axis of the Panda fiber. When
docking the active element of the SRL with the fiber,
the fiber must be positioned so that the plane p-n tran-
sition of the SRL crystal is aligned with the slow axis of
the fiber. When terminating with FC/APC connectors,
the connector key must be aligned with the slow axis
of the fiber. In the work, a passive fiber orientation
method was used. The passive method is based on the
geometric orientation of the axis of the PM fiber with
visual identification of the position of the tensioning
elements in the transverse section of the fiber.

The output of radiation for registration at the photo-
detector is carried out using a fiber directional coupler.
The branch coefficient is selected depending on the spe-
cific application of the laser. For use in a gyroscope, it is
sufficient to derive 1-5% of the radiation. When using
a ring laser as a radiation source, large branch coeffi-
cients are used. Optical fiber couplers are the waveguide
equivalent of conventional optical translucent mirrors.
Couplers are most often made either by polishing the
sides or by welding. The optical couplers used in this
work were made of single-mode fiber with preservation
of polarization.
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CKM€e BOJIOKOHHBIE OTBETBUTEIHU SIBISIFOTCS BOJTHOBOAHBIM
3KBUBAIEHTOM OOBIYHBIX OIITHUECKHX I10TyIIPO3PAYHBIX
3epkasi. OTBeTBUTE/NH Yallle BCEr0 M3TrOTaBIMBAIOTCSA
b0 IOMPOBKOK CTOPOH, MO0 CBapUBaHUeM. HCIonb-
30BaHHbIe B HACTOSALIEN paboTe ONTHYECKHE OTBETBU-
TeMu OBUIM H3TOTOBJEHBI M3 OJHOMOOBOTO BOJIOKHA
C COXpaHeHHeM I0/IIpU3aLIH.

B kavecTBe ¢QoTOIpHeMHHKA, Ha KOTOPOM IIPOMCXO-
OUT UHTepdepeHLMs U JeTeKTHPOBaHMe Pa3HOCTHBIX
YaCTOT ONTHYECKOI0 M3/IyYeHHs, HCIIONB30BaJICS HOTO-
IIPHEMHHK Ha [UIMHY BOIHBL 1,55 MKM. JaHHBINA $HOTO-
IIPHEeMHUK ITPeJCTaBIIsI coboit PIN doTomuon Ha 4YeT-
BepHBIX CoeflMHeHHUsX INGaAs/InP, To ecTb Ha Tex ke
COeIMHEHMIX, U3 KOTOPBIX M3roTaBirBaercs yuIl I1KII.
YyBCTBUTEIBHOCTh POTOOMOAA Ha AJIMHE BOIHBHI 1,55 MKM
coctaBisia 0,9 A/BT.

B mporecce paboTsl akKTUBHBIN 31eMeHT IIKJI, depe3
KOTOPBIM IIPOIYCKAaKOTCA TOKM 100-300 MA, CHIBHO
HarpeBaeTcsi. JTO IIPUBOJUT K CHIDKEHHIO KBAaHTOBOM
3¢PeKTUBHOCTH, pa3pyLIeHHI0 BOJIHOBOAA M H3MeHe-
HHIO TaKUX [IapaMeTPoB, KaK LIEHTP JIHMHUHU YCHICHHUS
U K03QOHULIMEHT YCHUIeHHUs. B CBSI3H C 5TUM aKTHBHBIH
3JIEMEHT IIOMEIIAEeTCS Ha OXJIKIAIOIIHE 371eMeHT [leb-
The. DjieMeHT Ile/IbThe BMeCTe C BCTPOEHHBIM B MOIY/Ib
TEpMOPE3UCTOPOM K BHEIIHEHN CXeMOM CTabMIM3aluu
TeMIIepaTyphl IIOAAep>KHBaeT IIOCTOSHHYIO TeMIIepaTypy
KpucTa/ula ¢ ToyHocThio 0,1 °C. B KayecTBe HMCTOYHHKA
TOKa HaKayKU M CXeMBbl CTaOMIM3AllMK KCIIO0/Ib30BaJICA
nparsep DLC-1300.

13330 (0) 06Hapy>KeHo, yto IIKJI, B 3aBUCHMOCTH OT
HCIIO/IB3yeMOr0 BOJIOKHA Pe30HaTopa, MOXKeT paboTatsh
KaK B MHOTOMOJZIOBOM, TaK U B OLHOMOJOBOM PeKHMaX.
I1pu KCII0/Ib30BaHUHU B KaueCTBe pe3oHaTopa PM BOlIOKHa
MOYKHO JOOUTBCSI OHOYACTOTHOTO PeKMMa T'eHEpPaLKH.
C PM BOJIOKHOM B Pe30HATOpe CYLIECTBYIOT ABE B3aUMHO
IepIIeHAUKYJISPHBIe BOJHBI: OJHA, HUAYIIASL 10 Me/JjIeH-
HOM OCH, Apyrasi - Io 6picTpori. KonebaHUs B 3THX ABYX
BOJIHAX IIPHOOPeTaIOT HEKOTOPYIo pasHocTh das, a creno-
BaTe/IbHO, COOTBETCTBYIOIIYIO Pa3HOCTb X0/a, OIpenese-
MBIe BhIpasKeHHeM

8= 7(”3 - nO)L’
roe n, ¥ n, - COOTBETCTBEHHO I10Ka3aTeJIH ITPEIOMJ/IEHHI
0OBIKHOBEHHOIO M HEeOOBIKHOBEHHOTIO queﬁ, L - miuHa
BOJIOKHA.

BejlencTBHe B3aMMHOM IIEPIIEHAMKY/ISIPHOCTH KOJIe-
6aHHI OOBIKHOBEHHAs KM HeoObIKHOBEHHAs BOJIHBL He
MOT'YT UHTePOEPUPOBATH MeKIy COB0M. TIpy 3TOM ToNy-
qaeTcd CBeT, HOHHPI/I3OBaHHBH;I SJUIMIITUYeCKU. Eciu
Aajiee I10 BbIXO[E 3TUX ABYX BOJIH K3 KPI/ICTa.HHI/I‘{eCKOI:I
IINIACTHUHKHU HPOHYCTI/ITB HUX 4Yepe3 II0JIApU3aTop, TO
yCTpOﬁCTBO H3 I(EDK,/:LOI;I BOJ/THBI HPOHYCTI/IT JIUIIb Te KOM-
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As a photodetector, on which interference and
detection of difference frequencies of optical radiation
occurs, a photodetector at a wavelength of 1.55 pm
was used. This photodetector was a PIN photodiode
on InGaAs/InP quadruples, that is, on the same com-
pounds from which the SRL chip is made. The sensi-
tivity of the photodiode at a wavelength of 1.55 pm
was 0.9 A/W.

During operation, the active element of the SRL,
through which currents of 100-300 mA are passed, is
very hot. This leads to a decrease in quantum effi-
ciency, the destruction of the waveguide and a change
in parameters such as the center of the gain line and
gain. In this regard, the active element is placed on
the Peltier cooling element. Which, together with a
thermistor built into the module and an external tem-
perature stabilization circuit, allows you to maintain a
constant crystal temperature with an accuracy of 0.1 °C.
As a pump current source and stabilization circuit, the
DLC-1300 driver was used.

It was found that SRL, depending on the cavity
fiber used, can operate in both multimode and single-
mode modes. When using fiber as a cavity, a single-
frequency lasing regime can be achieved. There are
two mutually perpendicular waves with a PM fiber in
the cavity: one traveling along the slow axis, the other
along the fast axis. The oscillations in these two waves
acquire a certain phase difference, and, consequently,
the corresponding difference in stroke, defined by the
expression:

6:27“(ne—n0)L,
where n, and n, are the refractive indices of the ordi-
nary and extraordinary rays, respectively, L is the fiber
length.

Due to the mutual perpendicularity of the oscilla-
tions, the ordinary and extraordinary waves cannot
interfere with each other. This results in light polarized
elliptically. If, after the exit of these two waves from
the crystal plate, they are passed through the polar-
izer, then the device from each wave passes only those
components that are polarized in one plane, i.e. distin-
guishes oscillations of one direction from both coherent
waves. Next, the waves will interfere with each other
depending on the difference in stroke obtained by them
in the fiber. Therefore, the light intensity will depend
on the phase difference acquired in the fiber by both
waves. The role of the polarizer is played by the active
element of the SOA, which enhances basically only one
polarization.

The free spectral interval equal to the distance
between adjacent maximums of the filter transmis-
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[IOHEHTBI, KOTOpble MOJISIPHU30BaHbl B OfHOM IIJIOCKOCTH,
T.e. BBLIENIUT U3 00eHX KOrepeHTHBIX BOJIH KONeOaHHUS
OIHOTO HaIlpaB/ieHHs. [lajiee BOJHBI IIPOMHTepdepH-
PYIOT MeXay coboH B 3aBUCHMOCTH OT PasHOCTH XOfa,
IIOJIy4eHHOH HMMH B BOJIIOKHe. CJIef0BaTe/lbHO, MHTEH-
CHBHOCTb CBeTa OyZIeT 3aBUCETh OT Pa3HOCTU a3, IIPHOoO-
PeTeHHBIX B BOJIOKHe 06eMMH BOTHAMHU. POJIb MOMISpH3a-
TOpa MIPaeT aKTHUBHBIH 37eMeHT IIOY, yCHIHBaOLIUI
B OCHOBHOM TOJIbKO OfIHY IIO/ISIPU3ALIMIO.

CBOOOIHBIF CIIEKTPAIIBHBIM WHTEPBATI, PAaBHBIN pac-
CTOSIHMIO MEXK[y COCeTHHMH MaKCMMYMaMH ITPOITyCKa-
HHS GUIBTPA, 3aBUCUT OT AJIMHBI BOJIOKHA C COXpaHe-
HHeM II0/ISIPU3aLIUH

7\/2

M= L(ne_”u).

Ha puc. 4 mokasan onrtuveckuu crekTp IIK/I mpu
JUIMHEe BOJIOKHA C COXpaHeHHeM IOISPU3aLMU BeJIMYH-
HOM 1 M.

ITpu TaKo¥ i/IHe BOJIOKHA CBOOOAHBIH CIIeKTPATbHBI
MHTepBaJI COCTaBsieT 4,8 HM, U HeoOX0AMMOe [/ reHe-
palM ycuneHHe 0becriedrBaeTcst TOMBKO IJISI OZHOTO
MaKCHMyMa IIpoIycKaHus ¢ruibTpa. HlHMpHHA THHHUH
M3/1ydeHus cocTassier 0,013 HM, 4TO OJIM3KO K paspe-
IIaOIer CIIOCOOHOCTH aHa/lM3aTopa crekrpa. dacToTa
reHepanuu ITKJI MOXKeT IJIaBHO II€peCTPauBAThCS IIyTEM
M3MEHEHHs TOKAa HaKayKM KM TeMIIepaTyphl aKTHBHOI'O
3leMeHTa J1azepa [8].

PE3YJIbTATDI

OIHHMM M3 BKHEHIIMX H3MepHUTelbHBIX IIPU60pOB,
OIpefe/sIoIHUX YPOBeHb Pa3sBUTHS HaBHUIAIIMOHHOM
TeXHHKH JIeTaTe/lbHBIX aIlllapaToB Pa3/JIM4YHOr0 Ha3Ha-
YeHHs, SB/SIOTCA JAaTUUKM BpallleHHs. B HacTosIee
BpeMs CYLIECTBYIOT KaK JAaTUMKHU BpalleHUs, OCHO-
BaHHble Ha MHKPO3/IeKTPOMeXaHHUYeCKUX CHCTeMax,
TaK M JaTYMKHA, He HMeIolue IOBIDKHBIX 4acTel:
BOJIOKOHHO-OITHYeCKHe THPOCKOIBl M THPOCKOIBl Ha
ra30BBIX KOJIBLEBBIX Jla3epax, OCHOBAaHHBIe Ha 3ddeKTe
Canpsika [1]. ITpobeMbl CO3AAHUS AATYHKA BPAIlleHHS Ha
OCHOBe II0TyIIPOBOJHMKOBOIO KOJIBLeBOro yasepa (ITKJI)
[I0OKa HAaXOOUTCS B cTamuu pemeHus [(9]. IloTeHLman
TaKOro JaTYHKa BpalleHus obelllaeT CHHKeHHe Maccora-
OapUTHBIX XapaKTePUCTUK U CTOMMOCTH, ITPOCTOTY K3T0-
TOBJIEHMSI, H, BOSMOXKHO, CHHPKeHHe 4yBCTBUTEIbHOCTH
K IPYTHM, OT/IMYHBIM OT BpallleHHs BO3EHCTBUSM.

Ha puc. 5 npencTaBieHbl BaTT-aMIlepHble XapaKTepu-
ctuku I10Y (Ha BBIXOZe OJHOI'O 13 BOJIOKOHHBIX BEIBOLOB
ITOY 1o 3aMBIKaHUS Koblia) (prc. 5a) 1 ITKJI (Ha BbIXOze
oTBeTBUTes) (pHcC. 5b) Ha WIMHY BonHEI 1550 HM. Morm-
HOCTb CyIepIIOMUHeCLIeHTHOro u3nydeHus I10Y cocTas-
ns1a 3,3 MBT ITpH TOKe HaKa4vku 250 MA. B peskume 3aMbl-
KaHMS KOJIbLIa ITIOPOroBbII TOK reHepaliiy ITKJI cocTaBuII

1,0
0,9
0,81
0,7 F
0,6

0,5

Power

0,4
0,3}

0,2 - Peak wavelength: 1549,27 nm
Mean wavelength: 1549,27 nm
Linewidth: 0,013 nm

| 1 | 1 J. | 1 | 1 |

0
1545 1546 1547 1548 1549 1550 1551 1552 1553 1554 1555
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0,11

Puc. 4. Onmuueckuti cnekmp 1KJ1, c030aHHO020 C UCN0Ab30-
8aHUEM B80AOKHA C COXPAHEHUeM NoAspusauuu 0AuHol 1m
Fig. 4. Optical spectrum of SRL created using fiber with
conservation of polarization 1m long

sion depends on the fiber length while maintaining the
polarization:

7\’2

A= L(ne_no).

Figure 4 shows the optical spectrum of SRLs with a
fiber length while maintaining a polarization of 1 m.

With such a fiber length, the free spectral range is
4.8 nm, and the gain required for generation is provided
for only one maximum transmission filter. The emis-
sion line width is 0.013 nm, which is close to the resolu-
tion of the spectrum analyzer. The SRL generation fre-
quency can be smoothly tuned by changing the pump
current and the temperature of the active element of
the laser [8].

RESULTS

One of the most important measuring instruments that
determine the level of development of the navigation
technology of aircraft for various purposes are rota-
tion sensors. Currently, there are both rotation sensors
based on microelectromechanical systems, and sensors
that do not have moving parts: fiber-optic gyroscopes
and gyroscopes based on gas ring lasers based on the
Sagnac effect [1]. The problems of creating a rotation
sensor based on a semiconductor ring laser (SRL) are
still being solved [9]. The potential of such a rotation
sensor promises a decrease in weight and size charac-
teristics and cost, ease of manufacture, and, possibly,
a decrease in sensitivity to other influences other than
rotation.
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65 MA, a MOIIHOCTb U3/Iy4YeHHs IIPU TOKe HaKayku 200
MA coctaBuiIa 15 MBT, 4To TOBOPHT 0 ToM, 4TO IIKJI pabo-
TaeT B PeSKHMe IeHepalliu.

Ha ontryeckoM aHanu3atope criekrpa «ANDO» usme-
PeHBI OIITHYEeCKHe CIIeKTphl u3nydeHus 1K go (puc. 5¢)
U II0C7Ie 3aMBIKaHUS Komibla (puc. 5d). CrekTp cBepx-
JIFOMHMHEeCLIeHTHOTO U3/1y4eHHUs (00 3aMBIKAaHHS KOJIBIIA)
HMMeJI IOy IIMPUHY JIMHUK H3/Ty4YeHH s 35 HM Ha [JJIMHe
BOJIHBI 1548 HM, B TO BpeMs KaK CIIeKTp reHepauuu I1KJI
MMeJ IONYyIIHPHHY JTUHUK, MeHee 0,02 HM Ha JUIMHe
BOJIHBI 1549,2 HM.

Tak Kak JyIHA pe3oHaTopa IIKJ/I 06BIYHO cOCTaBisieT
oT 3,5 MeTpoB U 6osee, oTCiofa CjefyeT, UTO YaCTOT-
HBIM MHTePBaJl MeX/y COCEIHHMMHU MOJAMU COCTaB/IsieT
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In fig. Figure 5 shows the current-voltage character-
istics of the SOA (at the output of one of the fiber termi-
nals of the SOA before the ring closes) (Fig. 5a) and SRL
(at the output of the coupler) (Fig. 5b) at a wavelength of
1550 nm. The power of the superluminescent radiation
of the SOA was 3.3 mW at a pump current of 250 mA.
In the ring closure mode, the threshold SRL generation
current was 65 mA, and the radiation power at a pump
current of 200 mA was 15 mW, which means that the
SRL operates in the generation mode.

The optical spectrum analyzer “ANDO” measured the
optical emission spectra of SRLs before (Fig. 5c) and after
ring closure (Fig. 5d). The superluminescent emission
spectrum (before ring closure) had a half-width of the
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Fig. 5. Characteristics of the SOA and SRL 1550: a) SOAWAH; b) SRLWAH; ¢) SOA spectrum; d) SRL spectrum

15

12

MOLIHOCTE, MBT

0 ! | !
50 100 150

Paboyui TOK, MA

200
b)

| | | | | | | | |
1545 1546 1547 1548 1549 1550 1551 1552 1553 1554 1555

JUIMHA BOJIHBI, HM

d)

314 POTOHUKA TOM 14 N2 42020



I
S LASERS & LASER SYSTEMS JERGMA
I

60 MI'1r 1 MeHee, SICHO, YTO He CyILIECTBYeT TAKOT'O OIITH-
YeCKOT0 aHAIM3ATOpa CIIeKTpPa, KOTOPBIM Mor Obl pas-
PeInTs MOABl C TAaKMM MaJbIM PacCTOSHHEM MEeXKIY
HUMH. I103TOMY OIITHYeCKHe CIIeKTPhI, KOTOphIe IIpH-
BeZIeHBI BBIIIE, SIBJISIIOTCS 10 CYTH OTMOAIOIMIMMU peasib-
Horo crekTtpa IIKIL. HabnoneHue IIPOJOJIBHBIX MOZ,
I10JIyIIPOBOAHUKOBOIO KOJIBLIEBOTO Jjia3epa BO3MOXKHO
IIPY MCIIOIb30BAHUH METOLUKHU CIIeKTPaJIbHOIO aHaIK3a
PafHovYacTOTHOIO CUTHaIa ¢ GOTOIIPUeMHHUKA.

Ha puc. 6 mokasaHa cxema YCTaHOBKH IJISI HM3Mepe-
HHUA oTKIKKa 1K/l Ha BpamieHue. PesoHarop IIKJI umMen
panuyc 15 cm 1 mnHy 800 M. HampaBieHHBIM OTBeT-
BUTEIb | MCIIONb30BAJICS [JISl BBIBOJA YACTH H3/Ty4YeHHs
BCTPeYHBIX BOJIH U3 pe30HaTopa. [lBe BCTpeuHble BOTHBI
MHTepoepUpoBajd B OTBeTBUTeNe 2 U IIOCTYyIaAXM Ha
¢dororrpueMHHUK. CUTHa/I C $OTOIIpHEeMHMKA I10JaBaJICs
Ha PaJMOYaCTOTHBIA aHanu3aTop crekrpa GW-lnstek
7830. IIKJI 6pUT IIOMeLIeH Ha BPAIAOMIMICS CTON. CTON
[103BOJIeT IIPOM3BOLUTH BpallleHHe C YIJIOBBIMHU CKOPO-
CTIMH B guanasoHe 0-1000 rpan/cex. B IIpoBOAMMBIX
KCCIeOBaHMAX MaKCHMajlbHas CKOPOCTh BpallleHHs
nocrturana 180 rpan/cek. CreM MHQOPMALIMK IIPOMCXO-
OUT 4depe3 CKOJb3sIIye KOHTAKThl, BCTPOeHHbIe BO Bpa-
IIAIOIUHCS CTOM. K CKOMB3AIIMM KOHTAaKTaM ObUI ITOJ-
KWIIOYeH PaJHOYvaCTOTHBIM aHAJIM3aTOP CIeKTpa. Kak
H3BeCTHO, KOJIbLIEBOM Ppe30HaTOp Ja3epa UyBCTBUTE-

— NI

emission line of 35 nm at a wavelength of 1548 nm, while
the SRL generation spectrum had a half-width of the line
of less than 0.02 nm at a wavelength of 1549.2 nm.

Since the SRL cavity length is usually from 3.5 meters
or more, it follows that the frequency interval between
adjacent modes is 60 MHz or less. It is clear that there
is no such optical spectrum analyzer that could resolve
modes with such a small distance between them. There-
fore, the optical spectra that are presented above are
essentially envelopes of the real SRL spectrum. The
longitudinal modes of a semiconductor ring laser can
be observed using the method of spectral analysis of a
radio frequency signal from a photodetector.

Fig. 6 shows a setup diagram for measuring the
response of a SRL to rotation. The SRL cavity had a radius
of 15cm and a length of 800 m. Directional coupler 1was
used to output part of the radiation of counterpropa-
gating waves from the cavity. Two counterpropagating
waves interfered in coupler 2 and entered the photo-
detector. The signal from the photodetector was fed to
the CW-Instek 7830 radio frequency spectrum analyzer.
The SRL was placed on a rotating table. The table allows
rotation with angular velocities in the range of 0-1000
deg/s. In the ongoing studies, the maximum rota-
tion speed reached 180 deg/s. Information is acquired
through sliding contacts built into the rotating table.
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OITUYECKUM YCUIHUTENb
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CIIEKTDa

Puc. 6. Cxema ycmaHo8Ku 0As1 u3mepeHusl y2na 8pauieHusl
Fig. 6. Installation diagram for measuring the angle of
rotation

e KpuBas ycHuIeHUS

Pafii0YaCTOTHHIH CIIEKTP

Af

Puc. 7. Onmuueckuil u paduo4acmomHbili cnekmp MK/ npu
omcymcemauu 8pauieHus

Fig. 7. Optical and radio frequency spectrum of SRL in the
absence of rotation

JIeH K HeB3aHMMHOCTH, IIOCKOJIbKY BC/IACTBHE 3ddeKTa
CaHbsIKa YaCTOTHI BCTPEYHBIX BOJIH B OTCYTCTBHE 3aXBaTa
paciuerisoTcsa. BolencTBre HaJIMYMS BeCbMa 3HAYM-
TeJIPHOTO pacCesHUs B aKTHBHOM 31eMeHTe IIKJI cienyeT
ORUIATH GOJBIION 067aCTH 3aXBaTa YacTOT BCTPEUHBIX
BOJIH, 4YTO U 6bUIO OOHApy>KeHO: OHA COCTABHJIA BeNIH-
4yKHy lTpag/c.

Ha puc. 7 mpencTaBieH ONTHYECKUM U PafHovacToT-
HBIM CIIeKTP CHUTHala C QOTOIIpPHEeMHHKA, PerHCTPUpPY-
IOIIEero M3jydeHue HemoABryKHoro IIKJI, mjsg KOTOporo
OIITHYeCKHEe YaCTOThl BCTPEUHBIX BOJIH COBIIAAAI0T. PoTo-
[IPUEMHUK 00/1afaeT KBaJPAaTUYHON HEITUHEHHOCTHIO
M BBLIE/seT CIeKTp 6veHMM 60/bIIoro 4ucIa OITHYe-
CKUX MO, IIONaJalolIU B PaAHUOYacTOTHBII JHAIa30H.
PaccrosiHHe MekIy ONTHYeCKMMH MONAMH IIPH AJIMHe
KonbLieBoro pesoHartopa IIKJI L=800 m paBHa 255 kI'L,
a MMM PUHA JIMHUU COCTaBisgeT 3 K.

OmHOYACTOTHEIE IOYIIPOBOLHKKOBbIE I1epecTpanBae-
Mble KOJIbIIeBbIe JIa3epbl 0CODEHHO BOCTPeOOBAHEI B CIIEK-
TPOCKOIIMHU U Ta30BOM 30HIHPOBAHUHU, TZe Y3Kasi IMHUSA
reHepalUH jla3epa CKAaHHpYyeT OTAe/IbHble JIMHUU I10I7I0-
IIEeHUs ra3a C OYeHb BBICOKMM pasperreHueM (puc. 8).
Y3Kas WHMPHUHA JIMHUKM M3JIy4eHHUs I103BOJISeT IIOIHO-
CTBIO Pa3pelINThb OTAe/bHbIE TUHUM IIOIJIOMIEHHUS rasa
(C THIIMYHOM LIMPUHON JUHUH B HecKonbko ITIi Ipu
aTMochepHOM maBneHuH) [4]. M3MmepeHKe ITPOBOIUTCS
IIyTeM CpPaBHeHHUs! LIeHTPaJbHOIO ITMKA IIOIJIOIIEHMS
C HyJIeBBIM YPOBHEM I10 06€ CTOPOHBI THHHUH.
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A radio frequency spectrum analyzer was connected to
the sliding contacts. As is known, a laser ring cavity is
sensitive to nonreciprocity, because, due to the Sagnac
effect, the frequencies of counterpropagating waves are
split in the absence of capture. Due to the presence of
very significant scattering in the active element of the
SRL, one should expect a large region of capture of the
frequencies of counterpropagating waves, which was
found to be 1deg/s.

Figure 7 shows the optical and radio-frequency spec-
trum of a signal from a photodetector recording the
radiation of a stationary SRL, for which the optical
frequencies of the opposing waves coincide. The photo-
detector has a quadratic nonlinearity and distinguishes
the beat spectrum of a large number of optical modes
falling into the radio frequency range. The distance
between the optical modes with a SRL ring cavity length
L=800 m is 255 kHz, and the line width is 3 kHz.

Single-frequency semiconductor tunable ring lasers
are especially in demand in spectroscopy and gas sens-
ing, where a narrow laser generation line scans indi-
vidual gas absorption lines with a very high resolution
(Fig. 8). A narrow emission line width allows one to
completely resolve individual gas absorption lines (with
a typical line width of several CHz at atmospheric pres-
sure) [4]. The measurement is carried out by comparing
the central absorption peak with a zero level on both
sides of the line.
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Puc. 8. Cnexmpbi noznoujeHus zaza CH,
Fig. 8. Absorption spectra of CH, gas
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Puc. 9. CnekmpanbHas xapakmepucmuka MKJ11650
Fig. 9. Spectral characteristic of SRL1650

Hipke mprBeJeHa CIeKTpaabHasg XapakTepucTHKa [TKJI
Ha JUIMHY BOHBI 1650 HM (puc. 9). B peskrMe 3aMBbIKaHUS
KOJIBLIA ITOPOrOBBIM TOK reHeparyu [1KJI coctaBui 60 MA,
a MOIIHOCTb M3/Ty4YeHHs IIPYU TOKe HaKa4uKu 180 MA cocTa-
Bu/a 8 MBT. CriekTp reHepariyiu ITKJI kMest ITonyIupUHY
JTUHUU MeHee 0,02 HM Ha JJIMHe BOIHBI 1649,6 HM.

Below is the spectral characteristic of SRLs at a wave-
length of 1650 nm (Fig. 9). In the ring closure mode, the
threshold SRL generation current was 60 mA, and the
radiation power at a pump current of 180 mA was 8 mW.
The SRL generation spectrum had a line half-width of
less than 0.02 nm at a wavelength of 1649.6 nm.
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3AKTKOYEHUE

Takum obpa3oM, B paborTe IIpeiCTaBleHBbl IepecTpau-
BaeMble OJHOYACTOTHBIE II0/IYIIPOBOIHMKOBBIE KOJIBLIE-
BbIe JIa3epbl C BOIOKOHHBIM Pe30HATOPOM C COXpaHeHHeM
MOJISIpU3allMK Ha JUIMHe BOMHBI 1550 1 1650 HM. Hccrte-
nyeMele B paboTe jasepbl MMeNH MOIIHOCTh H3JIyde-
HHS Ha BBIXOZE BOJIOKHA B IIpedenax oT 8 mo 15 MBT.
JUIMHaA pe3oHaTopa IIPeACTaBIeHHBIX KOJBLEBBIX JIa3e-
POB MeHsIach OT HEeCKOIBKMX MUIIMMETPOB 10 COTeH
MeTpoB. IllMprHa THHUK M3/TyYeHHs KOJIbLEeBOro j1a3epa
C IJIMHOM BONHBI 1550 HM IpU [JIMHE BOJIOKOHHOIO
pesoHaropa 800 MeTpoB, uMena 3 K[w. IIKJI obramaroT
6onpIIMM HabOpOM CBOKICTB, KOTOPBIE II03BOJISIIOT HAXO-
IOUTDb BCE HOBBbIe X HOBbIe IIPUMEeHEHMS B [IPAKTHYEeCKUX
Lensix. B pabore mokasaHa BO3MOKHOCTb IIPHMeEHEHHs!
[IKJI Ha [avHe BOIHBI 1650 HM /151 JHOLHOM JIa3epHOU
criektpockonivu (JJIC) U Ha AnavHe BOMHBL 1550 HM Ay1s
THPOCKOIIHH.
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CONCLUSION

Thus, tunable single-frequency semiconductor ring
lasers with a fiber cavity with conservation of polar-
ization at the wavelengths of 1550 and 1650 nm are
presented in this work. The lasers studied in the work
had a radiation output power of the fiber in the range
from 8 to 15 mW. The cavity length of the presented
ring lasers varied from a few millimeters to hundreds
of meters. The radiation line width of a ring laser with
a wavelength of 1550 nm and a fiber cavity length of 800
meters was 3 kHz. SRLs have a large set of properties
that allow you to find more and more new applications
for practical purposes. The possibility of using SRLs at
a wavelength of 1650 nm for diode laser spectroscopy
(DLS) and at a wavelength of 1550 nm for gyroscopy is
shown.

REFERENCES

1. Patent RU41924. Kol 'cevoj lazer / Duraev V. P., Nedelin E.T., Nedobyvajlo T.P.,
Sumarokov M. A.

2. Patent RU119938. Superlyuminescentnyj izluchatel' / Akparov V.V., Duraev V.P.,
Nedelin E.T., Nedobyvajlo T.P., Sumarokov M. A.

3. DuraevV.P., Medvedev S.V., Voronchenko S.A. Optoelektronnye komponenty
dlya cifrovyh informacionnyh sistem. Foton-ekspress. 2019; 3(155); 2-5.

4. LynchS.G. et al. Bragg-grating-stabilized external cavity lasers for gas sens-
ing using tunable diode laser spectroscopy. Novel In-Plane Semiconductor
Lasers XIII. - International Society for Optics and Photonics. 2014; 9002: 900209.

DOI: 10.1117/12.2039971.

5. Duraev V. P., Medvedev S.V. Fibre ring cavity semiconductor laser. Quantum Elec-
tronics. 2013; 43(10): 914-916.

6. AkparovV.V., DmitrievV.G., Duraev V.P., Kazakov A.A. A semiconductor ring
laser: study of its characteristics as a rotation sensor. Quantum Electronics. 2010;
40(10):851-854.

7. DuraevV.P.Medvedev S.V. Fiziko-matematicheskij model' poluprovodnikovogo
opticheskogo usilitelya. Obozrenie prikladnoj i promyshlennoj matematiki. 2019; 26(2):
105-T18.

8. Chen H. Dynamics of widely tunable single-frequency semiconductor fiber ring
laser. Physics Letters A. 2004; 320 (5-6): 333-337. DOI: 10.1016/j.physleta.2003.11.038.

9. Sakharov V. K. Model of a laser gyroscope with frequency dithering. Quantum Elec-
tronics. 2016; 46(6): 567-573.

ABOUT AUTHORS

Duraev V. P., Doctor of Technical Sciences, JSC “New Laser Technology”,
nolatech@mail.ru, http://nolatech.ru, Moscow, Russia.
ORCID:0000-0002-2701-0335

Medvedev S. V., Cand. of Technical Sciences, JSC “New Laser Technology”,
nolatech@mail.ru, http://nolatech.ru, Moscow, Russia.
ORCID:0000-0001-6289-3228

Voronchenko S.A., JSC"“New Laser Technology”, nolatech@mail.ru, http://nolatech.ru,
Moscow, Russia.
ORCID: 0000-0002-3913-1097

CONTRIBUTION BY THE MEMBERS
OF THE TEAM OF AUTHORS

The article was prepared on the basis of many years of work by all members of the
team of authors.

CONFLICT OF INTEREST
The authors claim that they have no conflict of interest. All authors took part in writing
the article and supplemented the manuscript in part of their work.



VII TPOMNUKAA KOHOEPEHUINA
C MEXAYHAPO/AHBIM YHACTUEM

«MEANUWNHCKAA PUN3SNKA»
(TKM®-7)

3annaHupoBaHHan Ha wioHb VIl Tpouukaa koHpepeHuMa «MeguumnHcKan pusnKar», nepeHeceHa
Ha BTOpPYIO NONOBWHY roja B CBA3W C paseutren COVID-19. KoHgepeHuwa npolgeT 19-21 okTAbpA
2020 roaa B popmaTe oHNaWMH.

MHCTUTYTBI TpoWLKa NCTOPUYECKN aKTUBHO YHaCcTBYIOT B GyHAaMeHTaNbHbIX U NPUKNaAHbIX Mccie-
AOBaHWAX B 06nacT MeAVLMHCKON Gr3nKK. MNo3Tomy naes perynsapHoro, pas B ABa roja, NpoBeAeHWA
Hay4HbIX BCTPEY, Ha KOTOPbIX COBMPAIOTCA He TONbKO GU3MKW, HO U CNeuuanicTbl U3 MeANLMHCKWX Y4y-
pexeHnia, nonyynna noggepxky, a Nepean Tpouukan HayyHasa KoHpepeHUuwa cocToanacs B 2004 rogy.

OpraHnsatopamn KoHpepeHUWW TPagWUMOHHO BbICTyNawT WMHCTUTYT $OTOHHBIX TeXHONOrWiA
PHWL| «Kpwctannorpagua n gotoHukas» PAH (Beiswmnia MONWT PAH), MHcTuTyT cnekTpockonun PAH
M AMUHWCTpauwWa r. Tpouuka, Npu nogaepxke Poccuniickoro ¢poHaa yHAaMeHTaNbHbIX UCCNegoBaHuiA.

B 2020 rogy Tematnyeckne cekymm TKM®-7 6yayT 3aTparveaTe LUWMPOKWIA KpYr BONPOCOB M3 0bnacti
EMoMeaNUMHCKOW GOTOHWKW, HaHOTEXHONOMMIA ANA MEeAWUWHBI, HOBbIX BUOMEANUWHCKWE METOA0B,
NpuEopoB W MaTepranos, pereHepaTMBHbIX TEXHONOMWIA U TKaHEBOW MHXeHepWuW, AJepHON 1 Ny4eBoid
AWarHOCTUKKW W Tepanui. B pamkax koHpepeHuwnK 6yayT npoeejeHsl Cumnozuym no AMP Tomorpadun,
MonogéxHas Hay4Haa WwkKona Nno MejuUVHCKOR GU3KMKe, KOHKYPC AOKNaA0B MONOABIX YYEHBIX, 8 TaKxKe
BbICTaBKa «Hay4yHaa 1 MeJVLMHCKan TeXHWKA W MaTepuans». K y4acTnio B KoHdepeHUMK ¢ NNeHapHbIMA
W CeKLIMOHHBIMW A0KNajamMn NpuraalleHsl W3BecTHbIE POCCUMACKUE U 3apybexHble ydeHele 13 CLUA,
BenukobputaHuu, lrepmadim, Kutaa v gp.

K y4acTnio B KOH$EepeHUWI NPUrnallaTca cneyyannctel B obnactn 6uomejnumHbl, HaHOTEXHO-
NOTrWiA, pereHepaTUBHbIX TEXHONOMMIA W TKAHEBOW WHXEeHepuW, a TakXe NpakTUKYoLWWe Bpaqu, uc-
none3ylolMe B cBoeid paboTe MeTodbl W pe3yneTaTel MCCNefoBaHWiA B chepe MeULMHCKON GUIMKK.
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